Aims: To determine if oral ethanol self-administration produces a conditioned place preference (CPP) and to determine if ethanol pre-exposure conditions during the juvenile/adolescent period alter the conditioned effects of ethanol and subsequent ethanol self-administration. Short summary: Modified conditioned place preference paradigm allowed rats to orally selfadminister ethanol followed by short duration exposure to conditioning chambers. Ethanol produced a conditioned place aversion even though rats self-administered ethanol following the final conditioning test. Juvenile/adolescent pre-exposure to ethanol decreased the place aversion but did not produce place preference. Methods: Juvenile/adolescent rats consumed sweetened 5% ethanol in the home-cage either during continuous access or intermittent access with water restriction that promoted binge-like consumption. A control group had water access during the 4-week period. Adult rats were conditioned using a modified CPP paradigm wherein rats were water-restricted overnight before being placed in operant chambers to respond for 5% ethanol for 7 min. Following the operant session, rats were placed in the conditioning chamber for 8 min. After the conditioning post-test, rats self-administered ethanol during daily operant sessions. Results: Ethanol produced a conditioned place aversion in water access rats and the continuous access rats. Binge-like ethanol consumption induced by intermittent access with water restriction abolished the place aversion, but did not allow place preference to develop. After conditioning, continuous access rats self-administered ethanol above~0.6 g/kg which was similar to rats with binge-like experience via intermittent access. Conclusions: Results suggest that oral ethanol self-administration elicits aversive properties in this model even though ethanol continues to maintain self-administration. Pre-exposure to ethanol during the juvenile/adolescent period may produce tolerance to ethanol's aversive properties only when consumed in a binge-like manner with water restriction. More exploration is needed to understand how behavioral history can influence sensitivity to ethanol's rewarding and aversive properties and subsequent ethanol consumption or self-administration.
INTRODUCTION
The conditioned place preference (CPP) paradigm is a popular preclinical model used to explore the motivational properties of drugs. Ethanol's rewarding and aversive properties have been explored in rats and mice using this model. A major issue with the model in the published literature is that ethanol produces conditioned place aversion (CPA) in most rat studies and CPP in most mouse studies which suggest that rats and mice are differentially sensitive to the positive and negative effects of ethanol (Tzschentke, 1998; Cunningham et al., 2000; Green and Grahame, 2008) .
Many experimental design variables can influence the conditioned effects of ethanol in rats (Fidler et al., 2004) . Manipulation of variables such as rat strain/line, rat sex/age, ethanol dose and a number of conditioning sessions may allow CPP to emerge in rats. For example, ethanol CPP has been produced in alcohol-preferring strains of rats (Ciccocioppo et al., 1999) , 'anxious' rats (Blatt and Takahashi, 1999) , female adolescent or adult rats (Torres et al., 2014) , outbred rats with 'low' to 'intermediate' doses of ethanol of 0.5-1.0 g/kg (Reid et al., 1985; Bienkowski et al., 1996; Biala and Kotlinska, 1999; Der-Avakian et al., 2007; Nentwig et al., 2017) , and after extensive training with as many as 15 ethanol-chamber conditioning sessions (Bozarth, 1990) . In addition, the timing of ethanol administration and chamber exposure may be important since many drugs of abuse can elicit both rewarding and aversive effects (Cunningham et al., 2003) . While ethanol administration often takes place immediately prior to chamber exposure, some studies have used a slight delay such as a 5-min pretreatment time (Reid et al., 1985; Bienkowski et al., 1995; Kotlinska et al., 2004; Yu et al., 2016) or a 20-min pretreatment time (Cole et al., 2003) . Pre-exposure to ethanol may also alter the rewarding and aversive effects. In support of this notion are studies showing that ethanol CPP is facilitated in rats with a history of forced oral ethanol consumption (Reid et al., 1985) and in rats freely self-administering ethanol (Gauvin and Holloway, 1992) . Pre-exposure also facilitates CPP if received passively via several ethanol injections prior to conditioning (Biala and Kotlinska, 1999) . Lastly, time spent in the conditioning chamber has been manipulated to elicit CPP in rats. While a 15-min chamber exposure is most common, some exposure durations have been 5 min or shorter (Reid et al., 1985; Philpot et al., 2003) which has been suggested as an optimal time even for mice (Cunningham et al., 2006) . Thus, ethanol CPP can be elicited in rats but more experiments are needed to clarify the conditions in which CPP can be observed.
Route of ethanol administration can be crucial in this model. Intraperitoneal injection and gavage are the most common routes of administration. Experimenter-administered ethanol and lack of time spent training rats were often considered advantages of this model (Bardo and Bevins, 2000) . However, compared with experimenteradministered ethanol, oral consumption or operant self-administration may be more likely to elicit the rewarding properties of ethanol due to the rats greater control over ethanol intake. We are aware of only two studies that examined oral ethanol consumption in the place conditioning model. In these studies, ethanol produced CPA during 90-min conditioning sessions (Stewart and Grupp, 1986 ) and during shorter 15-min conditioning sessions (Stewart and Grupp, 1989) . Oral consumption or operant self-administration requires more exploration in the place conditioning model especially under conditions in which the oral dose of ethanol can be controlled.
The purpose of this study was to determine if oral ethanol selfadministration produces CPP and to determine if ethanol preexposure conditions during the juvenile/adolescent period alter the conditioned effects of ethanol and subsequent self-administration. This experiment was unique in several ways. First, the ethanol was orally self-administered in operant chambers up to a dose of 0.75 g/ kg during short 7-min sessions following water restriction. The goal was to have the rats consume the ethanol dose in a discrete period of time to simulate doses administered by the experimenter in other studies. Second, the conditioning sessions were short 8-min sessions to facilitate exposure to the rewarding effects of ethanol that may arise shortly after consumption while avoiding the aversive effects that emerge later in time. Lastly, the pattern of ethanol consumption during pre-exposure was manipulated by allowing some rats free choice between ethanol and water in the home-cage while other rats consumed ethanol in a binge-like pattern due to fluid restriction and ethanol as the only fluid available. We hypothesized that the parameters manipulated would allow ethanol CPP to emerge and that rats with a behavioral history of binge-like consumption would display the greatest CPP.
RESULTS

Home-cage ethanol access
Rat weights in all groups increased dramatically during the homecage ethanol access period (Fig. 1) ; average rat weights at the end of the 4-week period were 200 ± 5 g, 257 ± 7 g and 254 ± 6 g for the WA rats, CA rats and IA rats, respectively. The weight differences were statistically significant (F(2,21) = 30.26, P < 0.001) with post hoc tests showing that WA rats weighed significantly less than rats from both of the other rat groups (P < 0.001). The pattern of weight gain during the 4-week access period varied based on ethanol access conditions (main effect of group, F(2,21) = 24.06, P < 0.001; main effect of time, F(28,588) = 3061.27, P < 0.001; interaction effect, F(56,588) = 67.71, P < 0.001). The weights of the IA rats decreased on each of the days following overnight water restriction. IA rat weights rebounded following 24 h of ethanol access. For example, IA rats weighed significantly less than CA rats after the third overnight deprivation period on P39 (t(14) = 4.56, P < 0.001) and the Fig. 1 . Rat weights during juvenile/adolescent home-cage access average weight (g) is shown during the home-cage ethanol access conditions. Rats had continuous access (CA rats-filled triangles) to 5% w/v ethanol mixed in 0.1% saccharin and water concurrently or intermittent access to the ethanol solution with water restriction (IA rats-filled squares). All data (n = 8 rats per group) are shown as means ± SEM. *P < 0.001 compared with both CA and IA rats. #P < 0.001 CA versus IA rats.
fourth overnight deprivation period on P44 (t(14) = 3.93, P < 0.001). However, after 24 h of ethanol as the sole fluid available for IA rats, the IA versus CA rat weights were not significantly different on P40 (t(14) = 2.06, P = 0.058) and on P45 (t(14) = 1.60, P = 0.132). The CA rats had variable daily intake across the 4-week access period with the average 24-h intake ranging from 1.45 g/kg to 5.80 g/kg (Fig. 2) . The IA rats ingested more ethanol on the first day compared with the second day of each 48-h access period (t(7) = 11.66, P < 0.001); average 24-h intake across the four access periods was 10.07 ± 0.37 g/kg during the first 24 h and 7.05 ± 0.20 g/kg during the second 24 h. Ethanol intake during the first hour of each forced-access period comprised~25% or more of the total ethanol intake during the first 24 h (Fig. 2, open squares) . For example, the average 1-h intake during the fourth access period was 3.10 ± 0.16 g/kg while the 24-h intake was 8.77 ± 0.39 g/kg. Average ethanol intake during the first hour of each of the forcedaccess periods was consistently high at 2.77 g/kg to 3.30 g/kg (increase across periods was approaching significance, F(3,21) = 2.56, P = 0.08). Average 24-h intake during the last 4 days of free choice between the sweetened 5% ethanol and water was not different between groups (t(14) = −0.39, P = 0.70). The sum of the total ethanol intake during the pre-exposure period was 82.55 ± 10.28 g/kg for the CA rats and 83.99 ± 6.21 g/kg for the IA rats (t(14) = −0.12, P = 0.91).
Place conditioning
The pre-test results showed a general preference for the GRID chamber. The average time spent in each area of the conditioning apparatus was 283 ± 62 s, 277 ± 52 s and 340 ± 80 s in the center, MESH and GRID chambers, respectively. Rats spent significantly more time in the GRID chamber compared with the MESH chamber and the center chamber (F(2,46) = 4.48, P < 0.05; post hoc comparisons P < 0.05) indicating the use of a biased apparatus. The data were converted to average percentage time in the GRID chamber (time in GRID chamber divided by time in both GRID and MESH chambers) and the results show that rats spend an average of 55 ± 9% of their time in the GRID chamber.
During the ethanol place conditioning procedure, rats were allowed to press levers for the unsweetened 5% ethanol (maximal intake of 0.75 g/kg) prior to being placed in the conditioning apparatus. The average intake across the five conditioning sessions was 0.6 g/kg or higher during each of the 7-min periods (Fig. 3) . The average intake increased after the first conditioning cycle (main effect of time, F(4,84) = 8.10, P < 0.001; first day versus all other days, P < 0.05). Intakes did not differ between groups (main effect of group, F(2,21) = 0.71, P = 0.51; interaction effect, F(8,84) = 0.68, P = 0.71). The average ethanol intake during the first of five conditioning sessions for all rats was 0.60 ± 0.03 g/kg while average intake during the fifth conditioning session was 0.67 ± 0.02 g/kg. During the first session, only 2 of 24 rats reached maximal ethanol intake (both from the IA rats) while 11 of 24 rats reached maximal intake during the fifth session (2 WA rats, 4 CA rats and 5 IA rats). Maximum water fluid deliveries were obtained by 17 of 24 rats during the first session (6 WA rats, 6 CA rats and 5 IA rats) and 16 of 24 rats during the fifth session (6 WA rats, 5 CA rats and 5 IA rats). During the first conditioning cycle, the average fluid volume consumed was 3.9 ± 0.2 ml ethanol and 4.6 ± 0.2 ml water (t(23) = −4.61, P < 0.001) and the average duration of the operant sessions was 6.8 ± 0.1 min for ethanol and 6.1 ± 0.2 min for water (t(23) = 5.97, P < 0.001). By the fifth conditioning cycle, the average fluid volume consumed was 4.7 ± 0.2 ml ethanol and 4.9 ± 0.2 ml water (t(23) = −1.15, P = 0.26) and the average duration of the operant sessions was 6.5 ± 0.2 min for ethanol and 5.9 ± 0.2 min for water (t(23) = 2.47, P < 0.05). Thus, the rats were more likely to reach maximal fluid deliveries during a water conditioning session and the greater behavioral output toward water is reflected in the fluid deliveries acquired and the session duration.
The post-test results (Fig. 4) indicate a main effect of group that was approaching significance [F(2,21) = 2.86, P = 0.079]. There was a main effect of test [F(1,21) = 14.24, P < 0.005] and an interaction effect [F(2,21) = 4.12, P < 0.05]. The planned Bonferonnicorrected post hoc comparisons indicate that both WA rats and CA Fig. 2 . Ethanol intake during juvenile/adolescent home-cage access average intake (g/kg) is shown during the home-cage ethanol access conditions. Rats had continuous access (CA rats-filled triangles) to 5% w/v ethanol mixed in 0.1% saccharin and water concurrently or intermittent access to the ethanol solution with water restriction (IA rats-filled squares). The 1-h intakes for the latter group are depicted via open squares. The subsequent 23 h are depicted via the first closed square (P28, P35, P40 and P45). All data (n = 8 rats per group) are shown as means ± SEM. Fig. 3 . Ethanol intake during place conditioning average intake (g/kg) is shown during the five conditioning cycles for rats that had only water access during home-cage access (WA rats-open bars), continuous access to ethanol (CA rats-lined bars), and intermittent access to ethanol with water restriction (IA rats-hatched bars). All rats responded for unsweetened 5% ethanol *P < 0.001 compared with all other conditioning cycles.
rats spent significantly less time in the ethanol-paired chambers before versus after conditioning while the IA rats spent an equal amount of time in the ethanol-paired chamber before and after conditioning. A comparison of the three groups during the post-test alone showed that the rats with the binge consumption experience with water restriction during the juvenile/adolescent period spent a significantly greater percentage of time in the ethanol-paired chamber compared with the rats that did not receive ethanol during that period.
The post-test results were unrelated to the intake levels during the conditioning procedure. The Pearson correlation between the combined mean intakes and the post-test results was not significant, r(23) = 0.034, P = 0.875. The Pearson correlation between ethanol intake on the first conditioning session and the overall mean ethanol intake amounts indicate a significant relationship, r(23) = 0.746, P < 0.05. Thus, ethanol intake during the first conditioning session was related to the overall average intake across the five conditioning days. However, intake levels did not predict performance during the conditioning post-test.
Ethanol self-administration
Forty-eight hours after the conditioning post-test, the rats selfadministered unsweetened 5% ethanol during 20-min daily operant sessions. The intake of ethanol was similar to the intake levels during the ethanol place conditioning procedure (Fig. 5) . Average ethanol intake during the last three sessions was 0.61 ± 0.08 g/kg and 0.64 ± 0.09 for the WA rats and CA rats, respectively. Although the ethanol intake for the IA rats was slightly lower at 0.45 ± 0.07 g/kg during the last three sessions, the difference was not significant (F(2,21) = 1.75, P = 0.20).
DISCUSSION
The main findings of these experiments show that the modified conditioning model using oral operant self-administration of ethanol produced a CPA rather than a CPP. Pre-exposure to ethanol during the juvenile/adolescent period attenuated CPA only when the preexposure ethanol consumed in a binge-like consumption pattern. Pre-exposure to ethanol in a repeated binge-like pattern with water restriction may habituate the rats to ethanol's aversive effects or produce a type of tolerance to the aversive effects of ethanol. Operant self-administration was unaffected by ethanol pre-exposure; all rats self-administered ethanol at similar levels even if ethanol produced a CPA. In rats that expressed an aversion to the ethanol-paired chamber, ethanol served as a reinforcer in operant self-administration just 48 h after the conditioning post-test. Overall, the data suggest that ethanol in our modified conditioning model elicits aversive effects while retaining reinforcing properties demonstrated via selfadministration. More studies are needed to examine the important aspects of behavioral history that can influence sensitivity to ethanol's rewarding and aversive properties and subsequent ethanol consumption or self-administration.
One purpose of these experiments was to determine if oral ethanol self-administration would produce a CPP. Most studies using ethanol in the CPP model administered the ethanol to the rats by intraperitoneal injection or gavage. Our model was unique in that the rats consumed the ethanol orally in an operant model. Operant self-administration allowed much better control over the dose of ethanol consumed compared with other oral approaches such as bottle drinking. The operant session was set to terminate after a specific number of ethanol deliveries that coincided with 0.75 g/kg ethanol intake as calculated individually for each rat. Because rats were fluid-restricted overnight, consumption of ethanol occurred quickly (within a 7-min session) and was more uniform across rats which more closely approximates an experimenter-delivered ethanol dose. Thus, our model allowed observation of conditioned effects through oral ingestion initiated by the rat while controlling the ethanol dose. Another unique aspect of our model was the short 8-min exposure to the conditioning chamber. Only a few studies have attempted to adjust the temporal parameters of the conditioning paradigm to better capture ethanol's rewarding effects. Reid et al. (1985) produced CPP in rats with an intraperitoneal injection 4 min prior to a 4-min Ethanol intake during operant self-administration of 5% Ethanol: Average intake (g/kg) is shown during the 8 days of operant self-administration of unsweetened 5% ethanol that began 48 h after the conditioning post-test. The 20-min intakes are depicted for rats that had only water access during adolescence (WA rats-open circles), continuous access to ethanol (CA ratsfilled triangles), and intermittent access to ethanol (IA rats-filled squares). All data (n = 8 rats per group) are shown as means ± SEM. chamber exposure. Philpot et al. (2003) produced CPP in rats given intraperitoneal ethanol injections with a 5-min exposure to the chamber. Martijena et al. (2001) showed that an 8-min chamber exposure following intraperitoneal ethanol injections produced a robust CPP in diazepam withdrawn rats. The timing of the chamber exposure in these studies coincides with increasing physiological concentrations of ethanol. For example, Quertemont et al. (2003) demonstrated that brain ethanol concentrations peaked between 9 and 16 min after a gavage of 0.5-1.0 g/kg. Thus, the timing of chamber exposure in the present experiment is similar to the studies above and should have allowed the rats to experience the conditioning chambers at a time when ethanol's rewarding properties were most prevalent. However, our model failed to produce CPP in outbred rats without a history of ethanol exposure; instead, the present procedures produced CPA.
The ethanol dose consumed and the resulting blood ethanol concentrations may play a role in the observed CPA. Although our measurements indicated the rats consumed an average of 0.6 g/kg during the conditioning sessions, we did not measure blood ethanol concentrations. Furthermore, our rats were water-restricted prior to the opportunity to consume ethanol during the operant session which likely means that the rats were consuming the ethanol on an empty stomach. In the context of these limitations, an examination of the literature may provide hints as to the general ethanol exposure our rats received. For example, blood ethanol concentrations of 25-30 mg% were achieved after a dose of 0.50-0.67 g/kg, alone or mixed with saccharin,~15 min after the start of an oral operant session (Roberts et al., 1999) . Motor activity and exploration were increased in the hole-board test after a dose of 0.70 g/kg consumed orally during a 10-min period (Gill et al., 1986) . Discriminative stimulus properties of ethanol in food-restricted rats were elicited using a 0.75 g/kg dose consumed orally within a 5-min period (Macenski and Shelton, 2001 ). These studies suggest that the ethanol dose used in our study should have produced measurable ethanol blood levels and produced behavioral effects. However, the overnight fluid restriction may have altered ethanol's pharmacokinetics and skewed the results toward the production of CPA. The ethanol dose (maximum individual dose of 0.75 g/kg) consumed in our study might produce greater blood levels and elicit more aversive effects compared with the studies above because the rats likely consumed the ethanol faster. For example, a slightly higher dose of 1 g/kg given as a gavage produced blood ethanol concentrations of 70 mg% in Sprague-Dawley rats (Matthews et al., 2001) and produced a CPA when delivered within 30 s or during a 10-min infusion (Fidler et al., 2004) . This CPA may be the result of higher ethanol blood levels and be influenced by the involuntary or 'forced' exposure to ethanol. Although the current experiments were designed to explore the effects of orally self-administered ethanol, the fluid-restricted status of the rats during conditioning may allow the self-administered ethanol to take on properties more similar to the involuntary injections or infusions of ethanol, which could make the ethanol more aversive than rewarding in our model. Furthermore, water is likely more rewarding under fluid-restricted conditions, which may motivate the rats to remain in the waterpaired chamber during testing. In previous studies, water produced a CPP in fluid-deprived rats and the effect was mediated by opioid receptors and dopaminergic systems (Agmo et al., 1993) . Thus, the fluid-restricted state may have made ethanol especially unrewarding and water more rewarding as reflected in the control rats (WA rats) spending more time in the water-paired chamber versus the ethanolpaired chamber during the post-conditioning test sessions. A followup experiment could explore the actual blood ethanol concentrations produced under conditions used in the current experiment and explore ways to enhance oral self-administration of ethanol while avoiding methods that make ethanol exposure seem involuntary. In general, the above literature and findings suggest that small doserelated and temporal windows exist during which the rewarding properties can be elicited in rats via conditioning paradigms, but special attention should be given regarding how the ethanol is consumed or delivered.
Another purpose of these experiments was to determine if ethanol pre-exposure conditions would alter the conditioned effects of ethanol. In general, drug pre-exposure has been shown to enhance drug self-administration (Campbell and Carroll, 2000) . Ethanol preexposure in conditioning experiments reduces later ethanol-induced place aversions in mice (Cunningham et al., 2002) and ethanolinduced taste aversions in rats (de la Torre et al., 2015) . Other rat studies show that prior ethanol history seems to predispose rats toward expressing ethanol CPP (Reid et al., 1985; Gauvin and Holloway, 1992; Biala and Kotlinska, 1999) . The current experiments extended these findings by more specifically determining if the pattern of oral consumption during pre-exposure during the juvenile/adolescent period plays a role in ethanol's conditioned effects and later self-administration. Our results suggest that the binge consumption pattern with water restriction altered conditioning. Although the effect was not dramatic enough to induce ethanol CPP, it attenuated the CPA. These results are similar to the findings from Gauvin and Holloway (1992) . In their study, extensive preexposure to a larger dose of ethanol during drug discrimination training later attenuated the development of CPA without allowing CPP to emerge. Others have suggested that repeated exposure to ethanol in conditioning models initiates the development of tolerance to ethanol's aversive properties without necessarily changing sensitivity to the rewarding properties (Cunningham et al., 2002; de la Torre et al., 2015) which suggests that the CPA and CPP effects are independent and motivationally opposite effects. Although the tolerance to ethanol's aversive properties could be due to the repeated experience with ethanol's pharmacological effects, it is not likely due to total ethanol exposure during the juvenile/adolescence period; the CA rats and IA rats consumed a similar amount of total ethanol during the entire home-cage access pre-exposure period. However, a confounding variable during the pre-exposure period is the fluid-restricted status of the IA rats. Water was removed from the cages the night prior to each ethanol exposure. Each 48-h exposure to ethanol in the IA rats could be considered involuntary or 'forced' exposure since water was not concurrently available. The fluid-restricted, forced exposure to ethanol during pre-exposure may promote the development of habituation to these conditions. The results in Gauvin and Holloway (1992) cited above may be explained via 'forced' exposure to ethanol (i.e. repeated intraperitoneal injections). Thus, when fluid-restricted 'forced' exposure to ethanol occurs in the operant chambers during conditioning, it may not be as aversive to the IA rats because they have experience with these conditions. The data from the conditioning phase supports the notion of a difference in motivational properties of the ethanol versus the water operant sessions. During water conditioning sessions, the rats were more likely to reach maximal fluid deliveries and behavioral output was greater as indicated by a higher number of fluid deliveries and the shorter session durations. If ethanol is especially aversive during the conditioning sessions, then it apparently retains its reinforcing properties when rats were no longer fluidrestricted. Just 48 h after the conditioning post-test, all rats pressed levers to obtain ethanol reinforcers. During the 20-min operant sessions, rats were self-administering amounts of ethanol that were similar to those consumed during the ethanol conditioning session. This discordance between CPP and self-administration seems to suggest that the neural mechanism governing these processes are dissociable (for review, see Bardo and Bevins, 2000) .
The age of rats during pre-exposure may play a role in the results observed. According to Spear (2016) , post-natal days 28-42 roughly correspond to early-mid adolescence (~12-17 years for humans) and post-natal days 43-55 correspond to late adolescence or emerging adulthood (~18-25 years for humans). Rats in the current study began ethanol exposure during the 'juvenile' period and ethanol exposure continued through 'late adolescence'. The ethanol exposure began on post-natal Day 22 and ended on post-natal Day 50; ethanol-chamber pairings began after post-natal Day 55. Thus, our rats had substantial exposure to ethanol during adolescence and experienced conditioning and self-administration during early adulthood. The literature contains contradictory findings regarding the effects of adolescent ethanol experience on ethanol consumption during adulthood. Effects of adolescent ethanol exposure have been reported to persist into adulthood (Pandey et al., 2015) or be confined to the adolescent period (Vetter et al., 2007) . One study examined the effects of pre-exposure to ethanol in a binge-like manner during post-natal days 28-42 on ethanol self-administration during adulthood (Gilpin et al., 2012) . In that study, rats were exposed to 10% ethanol mixed in 3% glucose and 0.125% saccharin in an overnight operant binge model and later tested during 30-min operant sessions with unsweetened ethanol. Responding for ethanol during adulthood was not influenced by pre-exposure to ethanol; selfadministration in rats pre-exposed to sweetened ethanol was similar to that of rats pre-exposed to sweetened water (~0.3-0.6 g/kg/session). However, differences emerged during withdrawal-like responding following ethanol vapor exposure such that binge pre-exposed rats self-administered more ethanol than the control group. Thus, adolescent oral ethanol pre-exposure in a binge-like pattern may have effects that are elicited under more stressful conditions. With regard to conditioning, we are aware of only one study that systematically examined the effects of adolescent ethanol pre-exposure on later ethanol conditioning. Sherrill et al. (2011) showed that intraperitoneal injections of 3 g/kg ethanol during post-natal days 35-45 attenuated conditioned taste aversion produced by 1-1.5 g/kg in adulthood. The pre-exposure dose of 3 g/kg is similar to the dose orally consumed in the current study during 30-min binges and the effects on later conditioning were similar. As indicated in the paragraph above, the involuntary or 'forced' nature of the pre-exposure to ethanol could play a role in the attenuation of conditioned taste aversion. This binge-like exposure during adolescence could be altering neural plasticity, changing neurotransmitter function and producing epigenetic changes that persist into adulthood (for review see Spear (2016) ). One study in particular showed that four 2-day binge-like exposures to 3 g/kg in juvenile/adolescent rats caused changes persisting into adulthood with regard to dopaminergic and glutaminergic function as well as histone acetylation (Pascual et al., 2009) . Another study showed that the voluntary oral bingeing on sweetened ethanol during adolescence altered the morphology of the central nucleus of the amygdala, which is involved in the stress response (Gilpin et al., 2012) . Thus, multiple physiological processes may drive the reduced sensitivity to the aversive effects of ethanol in the conditioning paradigm.
The housing conditions during these experiments should be taken into consideration when interpreting these findings. The Sprague-Dawley rats in the current experiment arrived on P21 and were singly housed. Many studies suggest that adolescent social isolation in rats can model vulnerability to anxiety and alcohol use disorders (for review, see Butler et al., 2016) . In this model, rats are often housed in individual cages which deprive them of tactile interaction with conspecifics, but they are often housed in the same room which provides exposure to visual, auditory and olfactory stimuli from other rats. Rats are often handled once a week only during a cage change. Post-weaning isolation increases ethanol acquisition or consumption at some ethanol concentrations (Rockman et al., 1987; Schenk et al., 1990; Hall et al., 1998) or in an operant appetitive/consummatory model (McCool and Chappell, 2009) . However, other studies demonstrate a decrease in ethanol consumption especially when the ethanol is available during the isolation period rather (Fahlke et al., 1997; Pisu et al., 2011) . The long-term effects of post-weaning isolation may depend upon the type of caging such as grid floor versus solid bottom with sawdust bedding or the strain of rat (Weiss et al., 1999 (Weiss et al., , 2000 . A review by Fone and Porkess (2008) suggests that animals should not receive enrichment and that handling by the experimenter may negate long-term changes due to social isolation. Our rats received enrichment via a chew toy and the rats were handled by an experimenter daily so that weight could be recorded. Thus, the impact of social isolation in the current study may be less robust than studies that followed a strict protocol with the intent of finding isolation-related effects.
The use of only male rats is a limitation of the current study. In general, males seem to be more sensitive than females to the aversive properties of ethanol. For example, Sherrill et al. (2011) showed that ethanol-naïve male rats develop conditioned taste aversion with smaller ethanol doses and fewer conditioning sessions compared with female rats. Another study found similar sex differences in sensitivity to ethanol using conditioned taste aversion (de la Torre et al., 2015) but also showed that pre-exposure to ethanol increased voluntary ethanol intake more in males compared with females. These authors suggested that previous experience with the aversive effects of ethanol increased tolerance to the aversive effects of ethanol in male rats. The observed sex differences in the literature may be a complex interplay of rat age and the model used. For example, adult female rats may show less conditioned taste aversion but consume no more than males on a gram/kilogram basis than males in a 2-bottle choice with 20% ethanol versus water (Schramm-Sapyta et al., 2014) while adolescents are similar in both models. The sex differences observed in adulthood may depend upon hormones. One study showed that an intraperitoneal injection of 1 g/kg ethanol produced CPP in female rats, but the effect was absent in ovariectomized rats (Torres et al., 2014) . A larger study in the future could examine the effects of sex in our modified CPP paradigm.
In summary, our findings suggest that the pattern of ethanol exposure during adolescence is an important factor in modifying the aversive and rewarding properties of ethanol consumed during adulthood. Future studies may explore the physiological mechanisms that mediate the reduction in aversive properties of ethanol in adulthood to aid in the development of additional pharmacotherapeutic tools.
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